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Objective: To classify infections according to  the carrier state determined by surveillance cultures of throat and rectum, 
rather than by the traditional criterion of the time of onset after admission. 
Methods: An observational cohort study of 3 months' duration was performed in a mixed medical-surgical intensive 
care unit (ICU) in  a district general hospital of a subset of patients requiring mechanical ventilation for 2 3  days. 
Surveillance cultures from throat and rectum were obtained on admission to  the ICU and then twice weekly to distinguish 
carriage of potentially pathogenic microorganisms (PPM) brought in by the patient from microorganisms acquired 
during the ICU stay. 
Results: Out of the total population of 104 patients, 21 patients were enrolled over 3 months. Eight patients (38%) 
developed 12 infections, half of which were of primary endogenous pathogenesis and caused by Haemophilus 
influenzae, Candida albicans and Pseudomonas aeruginosa carried by the patients on admission. The remaining six 
were of secondary endogenous pathogenesis and caused by Acinetobacter baumannii and Pseudomonas aeruginosa 
acquired in the unit. 
Conclusions: Traditional classifications of hospital infection are challenged. If the traditional 48-h cut-off point was 
used, then 9 of 12 cases (75%) of infection would have been classified as nosocomial, whereas using the method based 
on the carrier state, 50% of all infections were caused by microorganisms carried by the patient on admission to  the 
ICU. Moreover, we believe that the distinction between primary endogenous, secondary endogenous and exogenous is 
valid because these three types of infection each require different control methods. 
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INTRODUCTION 
Traditionally, infections have been classified by the 
Centers for Disease Control and Prevention (CDC) 
criterion of the time after admission at which the 
infection was first recognized, to distinguish com- 
munity- from hospital-acquired infection [I] .  In 
addition, infections occurring in intensive care unit 
(ICU) patients have been generally grouped into 
Gram-negative and Gram-positive categories [2]. 
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Long-stay ICU patients with generalized inflammation, 
in the absence of precise microbiological data, often 
receive broad-spectrum antimicrobials, without dis- 
crimination as to the likely causative microorganisms [3]. 
This approach can now be challenged from two 
directions by a new classification of both infection and 
microbes (41. This new classification depends not on an 
arbitrary time limit but on the carrier state as 
determined by surveillance cultures of throat and 
rectum. Three distinct infection types can he 
recognized by this approach, exogenous, primary 
endogenous and secondary endogenous. Briefly, these 
may be summarized as follows: exogenous infections 
are not preceded by carriage, primary endogenous 
infections are caused by microorganisms carried on 
admission to the ICU, and secondary endogenous 
infections are caused by microorganisms not present in 
the admission flora but acquired on the unit. 
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Most ICU infections are caused by a limited range 
of potentially pathogenic microorganisms (PPMs) . A 
distinction has to be made between ‘community’ and 
’hospital’ PPM [ 5 ] ,  depending on the severity of 
underlying disease rather than the laboratory criterion 
of the Gram stain. The community PPMs such as 
Haemophilus inzuenzae, Staphylococcus aureus, Strepto- 
coccus pneumoniae and Escherichia coli are carried by 
previously healthy individuals, while hospital PPMs, 
the typical opportunistic aerobic Gram-negative bacilli 
(AGNB), including Klebsiella, Enterobacter, Serratia, 
Citrobacter and Pseudomonas species, are carried by 
people with an underlying pathology, such as diabetes, 
chronic liver and kidney disease, chronic obstructive 
pulmonary disease (COPD) and alcoholism. Recent 
work has shown that the carriage rate of these oppor- 
tunistic AGNB was increased to 50% in a mixed popul- 
ation with an average APACHE 11 score of 15 [6,7]. 
O n  a mixed medical and surgical ICU, primary 
endogenous infections are caused by both community 
and opportunistic AGNB. Secondary endogenous 
infection is entirely caused by ICU PPMs. Exogenous 
infections may occur at any time during the ICU stay. 
They are typically caused by microorganisms associated 
with the ICU ecology, e.g. methicillin-resistant 
Staphylococcus aweus (MRSA) and Acinetobacter and 
Pseudomonas species. A prospective, observational 
cohort study has been carried out over a period of 3 
months to evaluate the infection rate in a mixed ICU 
using this classification. 
PATIENTS AND METHODS 
A six-bedded mixed medical and surgical ICU (one 
non-funded bed) in a district general hospital was 
chosen for the study. The study was performed over 
three winter months, November to January, and only 
patients who were expected to remain ventilated on the 
unit for 3 or more days were included in the study. 
Antibiotic policy 
Empirical therapy was started with cefotaxime. A 
macrolide was to be added in case of lower airway 
infections due to Legionella or Mycoplasma. Metro- 
nidazole was combined with cefotaxime if the patient 
showed intra-abdominal infection. The same com- 
bination was administered for wound infections on 
admission. If the patient on admission was known to 
have received antimicrobials, cefotaxime was replaced 
by ciprofloxacin. Adjustments in antimicrobial therapy 
depended on clinical grounds, in association with 
laboratory results from diagnostic samples only. The 
culture results of surveillance samples were not taken 
into account in tailoring antibiotic therapy. 
Samples 
Surveillance samples of throat and rectal swabs were 
distinguished from diagnostic samples such as blood, 
urine and pus. Surveillance samples were obtained on 
admission and then every Monday and Thursday and 
were aimed at the detection of the carrier state of 
‘community’ and ‘hospital’ PPMs. Diagnostic samples 
were obtained on clinical indication only, to define a 
microbiological cause for the clinical signs of 
inflammation. 
Microbiological methods 
Surveillance samples from throat and rectum were 
processed in a qualitative and semiquantitative way 
using blood, MacConkey and Sabourauds agar [8]. 
Diagnostic samples were processed by conventional 
microbiological techniques according to site [9]. 
Antimicrobial susceptibility testing was performed 
on relevant isolates by the breakpoint method. Identi- 
fication of selected microorganisms was performed 
using standard methods such as API (Bio-Merieux) 
Relatedness of microorganisms 
Relatedness of microorganisms was determined by 
antibiotyping using extended sensitivity patterns for the 
enterobacteria, phage typing for Staphylococcus aureus 
and pyocine typing for Pseudomonas aeruginosa. 
Definitions 
Carriage 
This was defined as the patient state in which the same 
PPM was isolated from throat and/or rectal samples 
obtained on two consecutive swabbings, in any concen- 
tration over a period of at least 1 week [4]. 
Infection 
This was a microbiologically proven clinical diagnosis. 
Tracheal aspirate was obtained to diagnose respiratory 
tract infections [lo]. If the tracheal aspirate yielded lo6 
colony-forming units (CFU) without radiologic 
changes on the X-ray, a diagnosis of tracheobronchitis 
was made. If X-ray changes were present, the diagnosis 
was of pneumonia [ 111. Blood was taken for culture if 
the patient showed clinical signs of sepsis. Septicemia 
was defined as sepsis combined with at  least one 
positive blood culture. A wound infection was defined 
as local signs of inflammation supported by a culture 
result of > lo6 CFU/cm2 of wound. 
O n  the basis of both surveillance and diagnostic 
cultures, patients were defined as suffering from an 
exogenous or a primary or secondary endogenous 
infection. Exogenous infections were caused by PPMs 
which were never isolated from surveillance cultures. 
Primary endogenous infections were defined as 
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infections due to organisms carried at the time of 
admission to the ICU. Secondary endogenous infec- 
tions were defined as those caused by organisms not 
carried on admission but subsequently acquired in 
throat and gut, carried at these sites and then causing 
clinical infection. 
RESULTS 
One hundred and four patients were admitted to the 
unit during the study period. Seventy-eight patients 
(75%)) left the unit within 3 days. In total, 21 patients 
were enrolled in this 3-month study from 1 November 
to 31 January. The study population included eight 
men and 13 wanten with a median age of 7 1 years for 
the males and 68 years for the females, with a range of 
23-79 years. The median stay of the study population 
was  6 days (range between 3 and 21 days) and the 
median duration of ventilation was also 6 days, with the 
same range. 
Eleven patients required postsurgical intensive care. 
There were three trauma patients and seven 
medical patients including exacerbation of COPD, 
cardiac arrest, chest infection and asthma. 
Of the 21 patients enrolled in the study, eight 
(38%) developed 12 infections. Two patients developed 
two infections and one patient developed three 
infections. Using the carrier status as the criterion for 
classification, all infections in the trial were endo- 
genous, i.e. all microorganisms implicated in the 
infection were carried in throat and gut by the patients. 
Of  the eight patients infected, five carried the 
microorganisms on admission, leading to six infections 
of primary endogenous pathogenesis. Three patients 
developed six secondary endogenous infections or 
superinfections (Table I). Primary endogenous infec- 
tions occurred a t  an average of 3.5 days (range 1-10 
days), whilst the onset of secondary endogenous 
infections was 11 days (range 6-1 3 days). 
Six (50%) of these infections were caused by 
Pseudomonas aeruginosa. P~endoinortas aerrrginosa caused 
three primary endogenous infections, whilst Haemo- 
philirs inzuetizae (twice) and Candida albicans were 
responsible for the other three primary endogenous 
infections. An Aciifetobacter baumannii strains only 
sensitive to amikacin and imipenem was imported onto 
the unit by a carrier transferred from an ICU in another 
district general hospital, causing secondary endogenous 
infections in two patients who acquired the strain after 
8 days in the ICU. One patient initially developed a 
wound infection and later a lower aitway infection, and 
the other a lower airway infection alone. The 
remaining patient acquired Psendomonas aerugiriosa on 
day 6 of the ICU stay and developed a lower airway 
infection, ernpyenia and septicemia with the sanie 
Pseudomonas aeruginosa strains. 
Of  the 12 episodes of infection only three 
developed within 48 h and thus would be classified as 
community acquired (25%)). The majority of infections 
(nine in five patients) occurred after 48 h and would 
conventionally be labeled as nosoconiially acquired by 
the traditional criterion of time. However, in two of 
these five patients (patients 3 and 6), the niicro- 
organisms responsible for the infections were brought 
into the ICU with the patient (one Pseudoinonas 
aeruginosa and one Candida alhicaizs), and had nothing to 
do with the ICU ecology. 
Table I Details of  infections and  carriage of similar niicroorgamsms 
Carriage of particular organisin 
Day ofstay 
Patient Ddy Of Detected 011 1c:u whcll 
number Site of infection ICU stay Organism on admission detected Type of infection 
1 Lower respiratory tract 1 Pserrdonzorzas aeruginosn Pseudomonas nerqrrima Primary endogenous 
2 Tracheobronchitis 2 Haemophilirs ir$uertrae Not investigated Primary endogenous 
3 Fungeinia 5 Caridida al6icans Cmdida  a1hirarr.r Primary endogenous 
4 Wound 8 Acinetobarter baurnarrnii Negative 6 Secondary endogenous 
Lower respiratory tract 13 Acirietobarter banniarrnii Negativc Secondary endogenous 
7 Lower respiratory tract 13 Acrnetobacter baurnannii Negative 8 Secondary endogenous 
6 Intra-abdominal 3 Pseudomonas aernqiriosn Pseudomonas aeruqinosa Primary endogenow 
Lower respiratory tract 10 Pseudomonas amigiwosa PsPrrdotnorias aertigiriosa Primary endogenous 
7 Lower respiratory tract 6 Pseudomonas aeryqinosa Negative 6 Secondary endogenous 
Enipyeiiia 13 Pseudomonas aeruprrosa Negative Secondary endogenous 
Septicemia 13 Pseudomonas aer!,ipiosa Negative Secondary endogenous 
8 Tracheobronchitis 1 Haemophilus i@ui.nrae Not investigated Primary endogenous 
~~~~~ 
Eight patient? (18%) developed 12 infections, half of primary endogenow and half of secondary endogenous development There were no 
evogenous infection5 
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In this study of small sample size, the overall infected 
patient rate was 38%, with lower airway infection and 
Fepticemia rates of 30% and 10% respectively. The true 
nosocomial infected patient rate as judged by carriage 
was 14%. Out of a total of 12 infectious episodes, six 
(50%) were of secondary endogenous pathogenesis and 
hence of ICU origin. Half of all ICU infections 
involved the lower airway. The causative microorgan- 
isms were Acinetobactev baumannii and Pseudomonas 
aeruginosa. The other half of all infections developing in 
the ICU were caused by microorganisms imported into 
the ICU with the patient. O f  the eight patients with 
infection, one was admitted from home, and the others 
from other wards in the same hospital. Besides the 
‘community’ microorganisms, Haemophilus infuenzae 
(two episodes of infection) and Candida albicans (one 
episode of infection), the opportunistic PPM Pseudo- 
inonax aerqinosa caused three infections of primary 
endogenous development. There were no infections of 
exogenous pathogenesis. 
The single most important risk factor responsible 
for infection in the ICU is severity of underlying 
disease [12]. Variables, iiicluding age, ventilation, 
antibiotics, parenteral nutrition, devices and length of 
stay as risk factors for the development of infection in 
ICU patients, invariably reflect the severity of 
underlying disease [6,7]. Scoring systems, including the 
acute physiologic and chronic health evaluation system 
I1 (APACHE 11), have been developed to estimate the 
degree of disease severity. Recent epidemiologic work 
shows a significant correlation between a high 
APACHE I1 score and the development of carriage 
with ‘hospital’ PPMs and subsequent clinical infection 
with identical PPMs. APACHE I1 scores were not 
routinely assessed at the time of our study. However, 
the criterion of at least 3 days of ventilation is thought 
to select a subset of critically ill ICU patients. Our 
overall infection, pneumonia and septicemia rates in 
that particular subgroup are comparable with the data 
from a recent prevalence study [13]. 
Incubation time has usually been the criterion used 
to distinguish between infections acquired in the 
community and/or in the hospital/ward from 
infections acquired in the ICU [14]. However, the 
CDC guidelines do not actually recommend a time 
cut-off. Thus, each infection must be assessed for 
evidence that links it to hospitalization [15]. This 
definition has been found to meet with a lot of 
problems in practice. This experience prompted 
investigators to introduce an incubation time cut-off, 
e.g. 48 h [16]. In a multicenter study of large sample 
size, Langer et a1 (171 observed that pneumonias 
occurring after 48 h, e.g. on days 3 and 4, had nothing 
to do with the ICU ecology. His group introduced the 
concept of ‘early-onset’ versus ‘late-onset’ pneumonia 
using the time cut-off of 96 h. In applying the par- 
ticular time cut-off of 48 h on our data, 24% of the 
patients developed 75% of all infections which would 
have been labeled as nosocomially acquired following 
transmission via hands and automatically blamed on 
medical and nursing staff. 
The terms exogenous and endogenous are not new 
[14]. According to the C D C  guidelines, the terms 
endogenous and exogenous refer to microorganisms 
and sources. In contrast, according to our classification 
based on the carrier state, the words endogenous and 
exogenous only refer to the pathogenesis of infections. 
We prefer the term external rather than exogenous 
when referring to sources or microorganisms [ 181. 
Typical exogenous infections are infections of the lower 
airway in patients with a tracheostomy. These patients 
acquire bacteria directly into the lower airways via the 
tracheostomy and not via the oropharynx. This path- 
way is thought to be due to the chronic inflammatory 
state of the tracheostomy site and the foreign body. 
Pseudomonas and Acinetobacter spp. and Staphylococcus 
auieus, both methicillin sensitive and methicillin 
resistant, are prime pathogens in infections of exo- 
genous development. There were no exogenous 
infections in our study, but half were of secondary 
endogenous development, still suggesting a ‘cross- 
infection’ or ‘transmission’ problem. 
The use of surveillance cultures of throat and 
rectum has increased our understanding of the 
epidemiologic process. The knowledge of carriage on 
admission to the ICU and throughout the ICU stay is 
beneficial for individual patients, for the subset of long- 
stay patients in the ICU and for prevention purposes. 
A patient who is admitted with normal flora, i.e. does 
not carry opportunistic PPMs on admission in throat 
or rectal swabs, is at low risk of infection [19]. Hence, 
this type of patient does not require new potent and 
expensive antimicrobials such as p-lactams combined 
with p-lactamase inhibitors, fluoroquinolones and 
carbapenems. Adjustment of ‘blind’ therapy on admis- 
sion is possible if the surveillance results reveal carriage 
of a gentamicin-resistant Klebsiella strain. The criterion 
of carriage showing a substantial percentage of 
secondary endogenous and/or exogenous infections 
(>25%) allows the detection of a cross-infection 
problem due to transmission via hands in the ICU. But, 
in identifying the right population of primary 
endogenous infections, the classification using carriage 
avoids blaming staff for all infections after 48 h for 
which they are not responsible. The knowledge of 
carriage thus prevents fruitless investigation of apparent 
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ci-05s-infection episodes. Finally, without surveillance 
samples, exogenous infections, which can occur at any 
time in the ICU due to contaminated equipment, are 
impossible to recognize, at least at an early stage when 
only diagnostic samples such as tracheal aspirate, urine 
and blood have been tested. The traditional criterion 
of the tinie cut-off from 48 h up to 96 h implies that 
infections that are incubating for up to 96 h following 
admission are not preventable [14-161. Handwashing is 
the generally recommended maneuver to prevent 
nosocomial infections that occur in the ICU after the 
incubation period cut-oil” [20] I Using the criterion of 
the carrier state, practically all infections occurring in 
the ICU are preventable apart from the infections 
present on admission. Exogenous infections can be 
prevented by a high level of hygiene. Parenteral agents 
control primary endogenous infections, whilst non- 
absorbable atitimicrobials aim at the prevention of 
secondary carriage and subsequent secondary endo- 
genous infections 121-331. The full four-component 
protocol of selective decontamination of the digestive 
tract (SDD) is based on the classification using the 
carrier state. SDD has been shown to reduce 
significantly the pneumonia rate by 63% in a ineta- 
analysis of 22 randomized trials 1231. As far as we know, 
there is no randomized controlled trial available 
showing that handwashing, the generally accepted and 
recommended maneuver to control ICU infections 
after 48 h. has ever contributed to infection control. 
I n  conclusion, this study, albeit of sniall size in a 
district general hospital, shows that there are clinical, 
niicrobiological and epideniiologic benefits in finding 
the carrier state of long-stay patients using surveillance 
samples. Not all ICU patients require throat and rectal 
swabs, but only those at highest risk of infection, i.e. 
those who require more than 3 days of ventilation or 
who have an APACHE score of 14 or above. A 
quarterly report showing the relative frequencies of the 
three din‘erent types of infection will highlight the ‘level 
of hygiene’ on the unit and the emergence of 
secondary endogenous or exogenous problems. 
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